We describe the simultaneous production of Bacillus subtilis based proteases and alpha amylase using a computer controlled laboratory scale 7.5 L batch bioreactor. The present strain is the first to be reported that concomitantly produces these two industrially important enzymes. The growth and sporulation of Bacillus subtilis was monitored and maximum production of alkaline protease and alpha amylase was found to coincide with maximum sporulation. Two types of proteases were detected in the fermentation broth; a neutral and an alkaline protease most active in a pH range of 7.0-8.0 and 8.0-10, respectively. Maximum production of proteases was observed at an incubation temperature of 37°C while that of alpha amylase was observed at 40°C. The optimum aeration and agitation levels for protease production were 0.6 L/L/min and 200rpm, respectively, and for alpha amylase were 0.6 L/L/min and 150 rpm. The kinetic parameters Y p/x and qp were also found to be significant at the given fermentation conditions.
INTRODUCTION
Proteases and alpha amylases are the two most important industrial enzymes, together representing more than 70% of the total worldwide enzyme market (23) . Proteases catalyze the cleavage of peptide bonds and cause the total hydrolysis of proteins while alpha amylases degrade α 1-4 linkage of starch and other substrates in an endo fashion producing maltose and glucose (1, 22) . Since both these enzymes are physiologically necessary for microorganisms they are widely distributed in a number of microorganisms where they are produced in large quantities by through the fermentation process.
Both fungi and bacteria are employed for the production of proteases and alpha amylases but the choice of organism mainly depends upon the application of the enzyme produced.
For example, proteases to be used in the food industry are mainly produced by fungi, whereas the proteases used in leather or detergent industries are mainly produced by bacteria.
Similarly, the alpha amylases produced by fungi are more stable than those from bacteria due to high thermostability and heat sensitivity (6). The most commonly used microorganisms for protease production include Bacillus spp., Steptomyces spp., Aspergillus spp., Rhizopus spp. and Penicillium spp. (2, 9, 17) and for alpha amylase production include Bacillus spp., *Corresponding Author. Mailing address: Institute of Industrial Biotechnology, Government College University, Lahore, 54000 Pakistan.; E-mail: hamidwaseer@yahoo.com higher yields through submerged fermentation. A new trend in fermentation technology has arrived which is the simultaneous production of two or more products. In this technique, more than one product is produced by a single microorganism in a single fermentation batch under same or different conditions. Several workers have used this technique and have successfully produced more than one product simultaneously in a single batch operation (27, 10, 5, 25) . This is a successful fermentation technique by which time, labor and energy can be saved and fermentation batches can be economized for maximum outputs from minimum inputs.
Keeping in mind the economics of a fermentation batch, the present work was undertaken to produce these two most important commercial enzymes simultaneously in a single strain of Bacillus subtilis using submerged fermentation technique with slight alteration of fermentation conditions.
MATERIALS AND METHODS

Organism, Growth and Maintenance
A highly productive strain of Bacillus subtilis IIB-26 was taken from the culture bank of Institute of Industrial Biotechnology, GC University, Lahore, which was originally isolated from the field soil. The culture was grown and maintained on nutrient agar medium. The bacterial slopes were incubated at 37°C for 48 h and then stored at 4°C. However, the strain was maintained by weekly transfers onto fresh slopes.
Inoculum preparation
Inoculum of Bacillus subtilis was prepared in 500 mL 
Fermentation Experiments
The fermentation experiments for the simultaneous production of alkaline protease and alpha amylase from Y p/x = dp/dx Where 'p' is the amount of product (U/mL) and 'x' is the amount of dry cell mass (mg).
iii. Specific product yield coefficient (qp) U/mL/h -The value of qp was determined by the equation:
RESULTS AND DISCUSSION
Relationship of growth and sporulation with enzyme production
The correlation of growth and sporulation of Bacillus subtilis with enzyme production was studied and a set of typical enzyme production curves is presented in the figure 1 along with growth and sporulation curves. Figure 1 shows that bacterial growth reached its maximum value after 24 h of cultivation while maximum sporulation occurred after 42 h of incubation. It is also clear from the results that the production rate of alpha amylase is linear up to about 36 h and maximum alpha amylase production coincides with maximum sporulation. In fact, the curves for alpha amylase production Production of proteases and alpha-amylase by B. subtilis and sporulation in B. subtilis are almost identical. During the present studies, it was found that two types of proteases i,e; alkaline and neutral protease were secreted in the fermentation broth by the microorganism. It is also known from the previous studies that Bacillus subtilis produces different types of enzymes during fermentation (28) . The maximum production of alkaline protease also corresponded with the point of maximum sporulation, but the maximum production of neutral protease occurred somewhat earlier at about 36 h of cultivation.
Alkaline protease has also been named "sporulation protease"
and is an absolute requirement for sporulation (15, 29) 
Effect of incubation temperature on enzyme production
The effect of incubation temperature (30-50°C) on enzyme production, cell growth and sporulation was also studied and the results are presented in Figure 2 . The cell mass was increased as the temperature was increased from 25°C, reached maximum (8.5 mg/mL) at 40°C, and then started decreasing which shows the inhibiting effect of higher temperature on the growth of the organism. Sporulation shows a progressive increase from 25 to 35°C (3-17 %) and between 35 and 50°C, it was fairly constant (17-19 %), in which Production of proteases and alpha-amylase by B. subtilis temperature range, the yield of alpha amylase was also found to be maximum. However, production of proteases appeared to be maximum at a cultivation temperature of 37°C.
For alpha amylase production, it appears that a temperature of 40°C is optimal whilst for protease the optimum was around 37°C. There was very sharp maximum for proteolytic activity near 37°C, whilst the maximum for alpha amylase was observed at 40°C and was much less sharp. The kinetic parameters also revealed the same results as depicted in the experiments. The product yield coefficient (Y p/x ) and specific product yield coefficient (qp) for protease production were maximum at 37°C
showing the optimum temperature for protease production while in case of alpha amylase production the kinetic parameters showed maximum values at an incubation temperature of 40°C (Table 1) 
Effect of aeration and agitation on enzyme production
In the experiments concerned with variation in aeration (0.2-1.0 L/L/min), the maximum cell mass was found at an aeration rate of 0.6 L/L/min, in conjunction with a sporulation rate of 18.5% (Figure 3 ). These properties of growth and sporulation corresponded to the maximum production of both the enzymes tested.
In the agitation experiments, variable stirring speeds ranging from 100 -300 rpm were evaluated (Fig. 4) . Stirring speeds lower than 200 rpm were not sufficient to keep the solids in the medium in homogeneous suspension; they also failed to break the clumps of cells. On the other hand, a speed higher than 250 rpm was found to cause excessive foaming thus necessitating the automatic addition of such large quantities of antifoam agent (silicon oil) that enzyme yields were impaired. In addition, the lower speed (150 rpm) was found to be slightly better for alpha amylase production, but for proteases the higher speed (200 rpm) produced significantly better results (18) .
The values of Y p/x and qp obtained after kinetic analysis of results revealed that the best aeration and agitation rates for protease production were 0.6 L/L/min and 250 rpm, respectively while for alpha amylase production the same aeration rate but a different agitation rate i,e; 150 rpm was found significant (Tables   2, 3 ). 
CONCLUSION
We conclude that the present strain of Bacillus subtilis can simultaneously produce alpha amylase and protease in high titers. The production was substantially enhanced by optimization of culture conditions. The strain can be proved very useful commercially for the production of proteases and amylase in a single batch operation.
